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[0001] 

[0 0 0 2] 

[«©&«] ^-tiK***T«B£tt-c^ 
«itJi, sL©tfc&«rgtts<, mmmmi 5 m/ 

-fSicW;, ttaSt2 0m/s<*t>V^-Cf±. 5S 

[ooo3im mmmmcM-fzmmteMM&m 

#, aim, 57-534C(l99l) , 497, t&P8 • HH, /•Y-Y n ^e- ^ 
No. 920-55, B (1992), 178), BKSSfcfflfl!-*-* t © (« 

[0 0 0 4] HfJ#(CO^-tf4, UK, 6A*9*WBffl© 
Ui'mkftbtl&mn H.and NEK0M0T0 Y. and M0N0BE 
H. , Developnent of CMG Active Vibration Control Dev 
ice for Gondola, The First International Conference 

on Motion and Vibration Control (MOVIC), (1992), 31 

o.), fUcJ:5»»*i/3Cfev^i^£*T^3. 

[0 0 0 5] — to^Tit, fiteRSJBtotCD 

f&, No. 910-17, C (1991) ,528.). 
[0 0 0 6] 

v^^©-?-, u xmrn^m^mm^^^^ 
(Dmm^&m^iZb^^mMtfhz,, ##© 

[0 0 0 7] — S9^M©t>©(l, zti^iL 



(feM ■ »; 1 1 ■ m «£HS 9 ^ i 5 

©SlSftUtP, No. 920-55, A (1992) , 592. ) , £ © i. 

[0 0 0 8] 
[0 0 0 9] 

^©JC*H» t Zfcttim-t 9 ^3[*ig«> fc © Hie 
»«istct, S^M«^©KSj^/v^S£ 
iR£tt3i 5fcfcS 0 
[0 0 10] 

UW-TZo HI 14, *3^©m**tflfc#5tffcflt* 
S*iT*s? 4 «T, S^Ot^5)lc4 9jgKWffiKffi 

afSfu «ft^fri ltyy^i 2ia?)fitn 1 ©i 

5 J f-a«5fi*2(«T, Kim^VNp), «^i4^K« 

5„ apt,, r©ftp^s^K±, ^ffiWK^K^-rs'b© 
-ctt^v^ds, imma-iV i 2^|f§]5*n5](cE« 

ailb-BriittS;{tfc«*m 2 ©«*||Sgl 3(^T, K*m 
2 tv^)ir, :©Sim 2 i5i'^l2fc©Mic^t 
5f4faS»:k©i4fci^l 4 t, tJit^itttafe^iJ^l- 

ffffli-s««#»c©^v^-s*i 5 tt^ttbn 

[0011UU, iiaoiSfcSanii^fflrL. 

T, ^©fi^i^t-h^KiiiKSSiSriaeL, fitTH: 
%H5-£it?>£oKLXhZ, 0 

[0012] ^t, i *mm L/tM 

»BrigT\ ^©gftff^itb, Mnnmm-tZo 

0>5^'K*m 1 ©a^*T-©SEilSr 1 ^A^fcZ 6 
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ti, nm 2 <DVy? 1 2Sr«®5*|p)OSfi^u tt 1 ©fii£?ffiR(x 1 , y A ) tK*m 2 Ol!^«(x 2> y 2 ) 





[0 0 13] 






[mi] 




xi = iisin6*i 




(1) 


J/! = ^COS^ 




(2) 


2 2 = / sin^i + ucos 9\ 




(3) 




[*2] 


( 4 ) 






(5) 


y\ — 1 1 (/| sm t/i 




(6) 


ce 2 = /#i cos^i + ucos^i - 


- u^i sin 


(?) 


[ooi4] »^wtt7fefer>W ff: 


'-"ftiT-A^ 


(8) 


9, ft«^^V(4, #±fl#£S*P(ii^ S^iPft 


[S3] 





a«rgt-f-5t»:S:(io)-c^$n, »ifeli«F»j>cS; 

T = im 1 ^ 1 2 + i m2 (Z^ 1 2 + li 2 + u ^' 1 2 + 2;^ 1 ) (9) 

V = 77110^(1 - cos^) + m 2 g{l(l - cos# L ) + usinflj 

+-ku 2 (10) 

F = -cu 2 (11) 
2 

[0 0 15] mbit), ftim^flKflv/jfcP e lwt 2), (1 3)*S»6*LS. 

tLfctt©9^5^ = »31»*®S:±*J, Jfc*<l [fc4] 

m 1 i^i+m 2 (iVi + 2txii0j + u 2 0i + to) + miS'i sin^ 

+m 25 ( U cos^ + ian^i) = PIie iwl (12) 
m 2 (^'i + ti) + m 2 g sin 0j - m 2 ti^ 2 + cu + £n = 0 (13) 

<HfB§U «t5tW(l 4), (1 5)*S#feix [*5] 

(m 2 / 2 + m L i?)^i + m 2 to + (m 2 l + m x h)gQi+m 2 gu 

^ Pl^ 1 (14) 

m 2 W\ + m 2 u + cu + m 2 £#i + ku = 0 ( 15 ) 
[ooi6] J: 9 , SfiwSJSSts®!, uhu ^ [« 6 ] 
(l 6), (l 7)-e*;5ft5. 
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01 

u 
z 



(— m 2 w 2 -f k + iu>c)Pl\fZ 
(m 2 lio 2 - m 2 g)Pli/Z 
{-{mill + m 2 l 2 )u 2 + (m^! 4- m 2 i)ff} 

^h^k!ia + # c ) - <m lu2 + m29]2 



(j, = m 2 /m h 7 - l/h, 
bj\ — k/m-2, ( = c(2m 2 n, 
A = w/fl, e st = P/{m l5 ) 3 U sl = Ph/{m ig ) 



n 2 = g/h 



[0 0 17] £*<Jg«5^®«i£fo2)fcttto*ig!>? 

(KiKSis i ) o«ffitt, i 9 )~( 2 2) ©j: 5 
A 4- i2(B 

0 L = ^ , , 0 ^ e st 



C + i2CD 



1*1 
U 

\u\ = 



n|c 2 + 



4C 2 B 2 
4C 2 ,D 2e 



■0.t 



C + i2(£> 
~~ VP- 
\ C 2 + K 2 D 2 



[*8] 



(16) 
(17) 



(18) 

(19) 
(20) 
(21) 
(22) 



A = f - h 2 

B = h 

C = (l-/i 2 )(/ 2 -^)™^(7/ 2 -l)(7^-l) 

D = {14-Ai7-(1+MT 2 )^ 2 }^ 

£ = -(l-7^ 2 ) 



[ooi8] aapl ^ • 



(Den Hartog, Mechanical Vibrations, (1950)McGraw-Hil 
1)„ ST, J&fcfciiStV^&fK flP*>SC(2 0)i6S C Id 

gTT Stfi^i- * 5 t ^ 5 J; 9 , p , Q »SSb 

[19] 



-4- 



\[a =p - 6 

1 + / 2 (1+M7 2 ) ' 

2 + /i T 2 
2(1 + ^ 7 )/ 2 -^ 



2 + fij 2 

[00 19] LT, S^P,QCD^S^#L-V^t<t 
9, SSStfc5»SUg*l t^CO@^fjg»f = f 



(23) 



opt ^, ifc£(2 4)T^-fi 5t, **btiS„ 

[«10] 



/opt — 



Vl + 2/i T + //'V _ yi + 2^ T 



1 + fiT 2 



*©i:t©-^P, Q®Mft»h p) h q ttftS;(2 5), 
(2 6)T?*$ix5o 



1 +/X7 2 

[*1 1] 



^2 = (1 + ^7)(2 + ^7 2 ) " (1 ~ iW^l 1 + 2/i 
(1+^(2 + ^2) - " ' 

^ = (1 + M7)(2 + /i7 2 ) + (1 - 7)vW + 2^x 
(l+^)(2 + /z 7 2) " 



i 5 lefts. 



Itl2] 



U ~ 7)v^ 

[0 0 2 0] JfeKl, ££P, Q-e£*0>SMa***K:fc 
5««JtC«r2feS:(2 8)«t*)*«>5. 

^1 - 

5„ S(2 8)(d^(2 0)^A-r5i?^*(2 9)##e> 



(24) 

(25) 
(26) 

(27) 
(28) 



(^' + 4CW)(C 2 + 4C 2 X) 2 ) - (4 2 + 4C 2 5 2 ) 
x{CC' + 4(W) = 0 



(29) 



4' = -2/i 
B' = 1 

C" = -2(l + / 2 )h + 4/r J -2 7A /( 7 / 2 
[0021] s(2 9), §<t^:A"fe/F97iiQ:(i /A72 ^ 2 [»i 5] 

0)©«t 5i-ft5o 



- 1)A 
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AA ! -\e { /e si \ 2 CC> 



2-\-BB> + l^i/estl DD ' 



(30) 



,^Q«^ft45( = £ qopt fcWi;N;:JlftS 0 r 
it, ±^££Cfti^©T\ ifc£(3 i)t?^fJ;5lC W 



Cc 



>opt " 



: ^(Cpopt + Cqopt) 



[0 0 2 2] #flfCIrit 



©*&T-fo5 0 
[ftl 6] 



(31) 

fcJJl^T, f = l,h = lfc»<^tJCJ:9ftA(3 2) 
[*1 7] 



(32) 



[fl8] 



[%l = Kl = 



1 | 2-^(1-27) 



[0 0 2 3] i©^(3 3){r*iV^T, ;il± 

o. 1 J:9/hSvHBftfc 9, y I445'<< /h£vHIW># 
iWSIX, 0. 5fefci9©1itSri:5o Lfc^oT, , 
SH» {l + (2/ Me o st )} 1/2 tfflfl^t, #tffC* 



(33) 



/* e =0. 2 5/tT*fe5©T% fMS3!b*£±ff SfcfelC 

(1 4)a»£>5S;(l 5) iri £*Dfcj££3U:m, *5t(3 
»19] 



m^^i + m^liOi - clit + m 2 gu - klu = Phe' u 



(34) 



[0 0 2 4] S(34) ©-fcfflfg 1 W±«t&£, m 2 HS4 

ttia^ -^F,f3isei)»»i ©«§ 

1- 5 fi^ i o T£ C 5 ^ ^ h , IB 5 Iff2»)«l2s 
l©iffeg*?l 4 J;9£D3^-^vhT-fc3 0 

mm-rzm^ »«^i©@^fi»«t±^©H^ii 
a k/m 2 = g / 1 ^ricua 

t»SiSSltt, ^CHMWc^-fS-o©^©^ 
itT-S^-LTV^S d t left 9 , nf# fto 
TMftU «g#tt«a>ft<ft3 0 
[0 0 2 5] Jligi^ 

M^i^*^ftv^©ji«^^-r„ 

m.m^ 1 t ont-TSo llttl©±5fl©«Siti±l%« 



l-tbK&S 1 ©ftV^^©*fe^-t?©«R75S*g I © x 

I /® s ji5 o lefts. rnt*fL-c, ««ST?*l-i5 

mmmmi^mffc^, i © a i » e = 

0.0 2 51? 9, /z e =0. 0 5-C6. 4 tft5 0 Lfc^o 
/* e ©»*tSlJfia*^«*^Stl?. £ fc 

3o 

[0 0 2 6] ifijgJSg 

H3tfiH8«fitH:*r-r5i^M^Sr^-r. ft*>\ »»ig 
«l©ftv^Sr-^«i»-e, SiBHgSSl-SrSSttfc*^ 
*H*(Me=0. 0 5), fc±lffltt*<M.= O.025)-C* 

g «r¥$«0, £*WIga = 0.0 8 8 6 ©IE«SL«C^\ 
f-^^y ^©l^lWIBRf&O. 3®>i Lfcit©j£#£r 
I4~l6 1^f„ rtl&©>-5 alz-v'g Z/\±T?J* 



Kt**^»3\ 0 5 (m„=0. 0 5), 0 6 U,= 0. 0 2 
5 ) 1 *KJtfc»&*^ LT^5 0 

[0 0 2 7] 0 7(4, *|SM©m2iafiWJ'«SS!J^ 
1 a Srffl^fcig 9 ^SfflBi* 2 a ©«j£H 
mMitLX^Vfch<DX\ Bltij<tt>Oi:*a 

1 !)yM2a *^LTX»fflO(±Eiai*, £( 
T, X/SiOi:v^5)fcJ:9fl8«WIBl!:ft«fSn, 

Mx.«*^*M-Ctt, 5^0(iMLT»^frl 1 i!4 
S*f*fcf4B1-5 y >^ 1 2 a JiW^miSO^T, 5 
£0 1 i ^ 5 ) (-T, ffim^ffig^tt^il^lT 



«ifg(r|gitfcy ^ 2 i y >?2 nc^^titzK 
&m 2 (Dwmmm 1 3 (sir, ±mmm^wmm 2 t\^) 
t, D>-^2it!)y?i2a twiBm^-rssaff 

[0 0 2 8] ^Lt, SlilMOl^^iCfim 
^ttffiLT, 9 t>±#fc»KS*l a £IB 

»*fi-5. 0 7 t^f- J; 5 1 a fc LT©tt 

So 1 2 a tSfflgm a©5y^21© 

oft*. Bpi3§G©*££ 1 1; i 2 fc-T5„ ilioitW 
an^SCaoteStt, 2feS;(3 5)~(3 8>-c^$n5 0 

112 0] 



3/1 
2/2 



^ sin #i 

l\ COS 

? 2 sin(^i '+^) - ^sin#i 
cos(^i + 0 2 ) ~ Jcos#i 



[0029] mm<nm^ c , zxKftmtz&tt 



(35) 
(36) 
(37) 
(38) 

•Si, ?fcS(3 9),(4 0)roi5K«tS. 



m-z i ] 



- m 2 ll 2 )9 2 



{mill + m 2 ll + m 2 l 2 - 2m 2 ll 2 )6\ + [m 2 l\ - 
r{mik + m 2 l 2 - m 2 l)g9i + m 2 { 2 g6 2 = P/,e f "* (39) 
{m 2 \\ - m 2 ll 2 )6i + m 2 ll$ 2 + d\9 2 + rn 2 gl 2 9\ 

mmdmmMlx& 4 >,<<#!», o 2 )t?^e> 



£r#x.3S;i4, 5£(1 9), (2 l)fciaiCtOfc«5, * 



[»2 2] 



7 = ('2-0/'l. ^=ff/*2 
[0 0 3 0] 0 8(1, 3|S|SKroB3*Jfe^^5Rttjl 
1 b £fflV\fcig!J T-M«5g^ 2 b ©W^Jil 
ft, BJ8flSLT*Lfcfc0>T?, 0 7(c*-f-t>»i:*ii-r 
5^K(4^-#^^#LTmif3ft«B&-f-S, r©«« 
©ffilbft, 0 7M^T, y^2 1^LTMO 

2 b t-frw^Rmit2 2 ricwmmmm 2 zmm&& 



(41) 



[0031] 09, io(4, *%m<Dm4mmmK&>& 
mmm t» ^s©sj«s i c ft^/cs t> ^a*^ 2 

T, ^Jta(0° <a<9 0° ) ( a CD|?-§-(40 9 \£&^ 

xr [pj t ice t -r s ) fc (t 5 4 5 jim Lfc t © 
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J4, !)yM2ctiiy?2ic t<Dffl\zjfi//<mmi 

[0 0 3 2] J:3£Lfcft«l^l c fctf^fclt* 



9, 1 0t*tt»fiSl cffcS. K©fiSaU 2 ©tt 

&<ommm t> * © 0*K»«#;3; ( 4 2 ) r*« $ ft 

So 

[ft 2 3] 



2 g sin a 
h 

[0 0 3 3] El 1 0 \z.7Ff J; 5 fc, ftUR^g 9 

a;i = (isin^i 
yi = iicos^i 



(42) 



^(4 3)~(4 6)-e*$ii5o 

[12 4] 



(:}■ 


r cos^i 


sin#i 




[ — sin 6 


1 COS0] J 


^2 = 


—I2 cos# 


2 COS a: 



/ 2 sin 02 
/ + h cos 09 sin a 



(43) 
(44) 

(45) 

(46) 



7 - (Z 2 sina: + col = 

[0 0 3 4] gill, 1 2tt, *38W©*5**«IIC« 

m®2d<Dmtimm%, h^l-otcUc&co-c, 07 

t> <0 t 5 $fl#teov >T BIHI-##i9S(* LT 
*H*f!T?H:, ftfflttflsi 1 tf\ U 1 2 dSr 
^LtS«Pi50(±flSIU«, S/SOiV^ 5) 

»»»riBJ!:ftf?§n, tffiMi ity^i2dia 

9K*m i O«9T-M«igfe2 d(»T, JifBUfllfcR* 
2 d±.<D3CM.0 1 frb-kJj\£miftcMiL}) 2 1 die 

£i»$tifcfMim 2 t, y ^ 1 2 d tm&y 

2 1 d i©Pfll^h£-f 3f£fcg# 1 4 ([HfEfifcS 
»:k' ), ^y/^il5(»ff»: c 

[0 0 3 5] El 1 2 ic^rf-J; 5 yynid 

i4, zWnWfcz' #t»LTM«(-90g«< 
0 ) ( a (O^Jf-ftEl 1 2 fc*5V vtTfil t iclEt-tS) 

ft*, 8l2B:ftSBtBE,i>Kit5fc6C 
* Lfc feOT?, r CO g ft££SHff Lft V>ffi<Of#fiScHJ!f 
®El^i4^B&LTfe5 0 ^JSW-ov^Tfl, # 

MXM*)?<Dmmmsm&&-r±.m&(4: 2), {a Dm 

2S;( t o a 2 =gsina/l 2 )tf1;^T, ±«(4 2), (4 7) 

f|2S;cD;&j2(^ (k' /0n 2 ' i 2 2 ))co^?rip»;LfcS; 
fcai&^afflTf Sift. tJiMSr*j«-rs. 



»<o^{iiiS;(l 9), (2 DfcftSo ftS^S.^tt'Ef 
S'Itt>^]«i'S;(2 4), (3 o), (3 2)X*H-x.biVbo 
[ft 2 5] 

gsma/l 2 (47) 

[0 0 3 6] -« iLT, El 8 K^i-JR 3 *JSf!l 

/Co l != 1 m, mi = 8 k g, m 2 =0. 8 k g-CfcO, R 
fljtro^S Umtfc^ ft«S 1 b CO® 9 
tLTT = 0. 2 5U e =0. 0 5 6), 0. 5 U e =0. 

0 2 5) , 1 (^ e =0)©Hji5S:aA/fc*. G-m&fc&n 

swM^fii-is^^Ei^i 3 ~eii 5^^-fo an 

Z>t (y = l), $iJ8f^*i±^&<, flfcJi 
*tclR!Jft{t5S(7=0. 5, y = 0. 2 5), iWSSb* 

gfi, »!3Ug$l c iRflit2 2 t©WcO*«[^#L 
T*3 9, Sigft^i-i^M^ftTV^^o 

[0037] mm^mmmmm&-r?> 

S^M#3M^Kiffi£ti#3<bcoT? 

fcoT, «B^KJ;5f|iJSt«*cDa£iijlii)^cDibBJig 

co 5*,, »a«*©^!:<t5tt*a*K < t5%©t, ft 

^, i»fc»BHg»tt, ^C@*Sft»^*-T5-oco 
*«s^W«Tfi»^**i,fct©K:ft 5 , -f*fc LTffift-T 

5o l^u mmm<twm&3iX<D&i>frhm:t£. 

[0 0 3 8] _hiSLfcj;5(-, *lSlK^tov^r^4, tita 



[0 0 3 9] ft&\ f i-l5Mt^pr, MWM 
« l ~ l d £ l -&«l:ra»*fc&©|i:o^-aRiP3 L- 

ig& 2 ~ 2 d ©j§fr;frl*K IP^x y^ffi^SBft^fr© 

/<7^*i:5fc6t, ft!»SSi~l d ©#*£«» 
i$Wctt±h<Dh^AsX^?> 0 mxM, 0 i 2 ©j§£\ Bl 
*t5»8SSl dOftt, yiCBLT, zttdjfrd 
5 l l d^itr%iv\ 

[0 0 4 0] 

m<nmm^*/^wmisi\%t 5 t^ftse*. we* 

5 r t ft < , so ?mmmmc*t~rz>MMftm>wmiz 
muz x 5 k ft 9 , s 9 ^«3tfeco«sn«]*y^ffl * 

[0ffi©ffi*fttfc^] 

[h 1 ] #3&w©s& 1 mmm\£mz>w>wm&*mm l 

[0 2] Slt^-f-ftRSSSrW-rs^, *3«fct5»!» 
MI£*£ftv^©Jl«fc^£^0T:-fc3 o 



[03] HiK*^-«!»jB»*^rr5*, sszxmyc 

So 

[H4] ti«^$/iv^©7yyAA*w 
[0 5] mit^-rsiKgssrwrs^o^^^AA 

[0 6] EUfc^-rSiKgSSrWrS^o^^^AA 
[0 7] *|SH^»^2^i£M(-#5ibW^^SffiL 

[0 8] «B^»^3*ifeM(-«5»Kfi^Mffib 
fcig t) ^*^©^#fi!c©»^-f 0-?fc5 o 

[0 9] *3£BJ©fH^KMfcff5i!)«l^3IfflL 
fcig t) ^*^)©^#)£©»^-f 0-?fc5 o 

[010] 09 fc^||J6W©&»Rt©:ffcffi&^-t-|a 

[011] *^©®5£ffiWc«5ft»ifH&£»ffi 
[012] 011 ir^-f ft»S*©a*m 2 «r£*H- 

5 y >-^©ft#4^fft£r*1-0T\ 0 1 1 t*sv^A*iRi 

frb&TzMX'h&o 
[013] 08 tCgrf«!ftli»t*i-5*©«a!*ffi 

[014] H8K*i-«!ftJB«ft^ri-5*©«a[Srffl 

x-hz* 

[015] 08 iC^1-ij)SSS^^*-r5^©^®^ 

XhZ>» 

l.la.lb.lc.ld WfiMm 

2, 2 a, 2 b, 2 c, 2 d jgU^MflKt* 



[01] 



[02] 



[07] 



[03] 



[04] 



[01 0] 




[01 5] 



7=0.25(^ = 0.056) 



[SWB] ¥Jt5^4^ 1 2 0 

[#«*e i ] 
iWEtt&wm%] mm 

[tftEfcifc] g£JE 
[HI] 




[ffiEtt*mm&\ mm 

[07] 




[#^*IE 3 ] 

umtttmmai mm 

[08] 




m^mmmm%] mm 
ittEaMMts*] a 9 

[09] 




yi 



[¥«*jE5] 
[«iE*ffc«Bfc] 01 0 

[010] 
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[MjE*hfe*S*] Ell 1 m, 

[in] 




[SWB] ¥$6^6^ 1 7 0 
[^MME 1 ] 

[#»&] «W» 

lay y^tomt^stfcaiig^ ^a^utt 



Ait cx fsim £ n/t n t t -r 5 it*« 
jinmizivmm^mimftnfaZRftLxwmtsn, 
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^ up $ ixfc ^ t t -r s ft** i iaa»s o ^ 

-e«#4 U ±1B y KM LXffiW) simicmi tc V ^? 
y ^P^^£*fc^v^iiif fct^i+ibtK ±ibse 

So 

[0 0 0 1] 
[0 0 0 2] 

W£ti#?*T^5 0 L^L*^e>, r©s£»»©«* 

©it^fi, iuc»v^ mmimmztitcM^ 
i±, «it_h, m.<D i fcti*%.v§,< , m^fiassi 5 m/ 

s Cibl^Mte£fW:LTV^\ IPflSiit UT^iJffl 

■ratJi, '>4<niS2 0m/ s <'6i>4m s 

[0 0 0 31 S, m»«lSJr*l~t-5**e«)*WJfiftW 

(MM ■ • \m, *y^4 n >- r ffi&W 
fit, Ultra, 57-534C (1991), 497, teffl-BH, S?Y-f n^E--^ 

> h ©ftlffl ± 5 =r y K 5 ©EtSfi ft ftitfiflfP, 4Mtlft, 

No. 920-55, B (1992), 178), Sj«#££r#[Jffl-f 5 t©(t 

[0 0 0 4] ffitfco^Ttt, 6A19i»fflO 
t^ft« > M / f^tx(KANKI H.and NEK0M0T0 Y. and M0N0BE 



H. , Development of CMG Active Vibration Control Dev 
ice for Gondola, The First International Conference 

on Motion and Vibration Control (M0VIC), (1992), 31 
0.), M.K i3ftS£l/3<*P>Wc«/>£*TV^„ 

[0 0 0 5] g#f::o^Tf4, }fftS:6^©%© 

ISi, No. 910-17, C (1991) , 528. ) „ 
[0 0 0 6] 

(*k tffc§CJ;J&©t>©fc:o^-CH:, Jftg&oa^f+ifi^St 
5#rt5ir, S6&iSiftigS©«if±-fl;fcfto-Cl(i 

[0 0 0 7] JH^MWfc©}^ ZlS^tL 

(ffis ■ » 1 1 • m mmm *> i-^mnrnm^ ± 5 

©®]ffi»P, «im No. 920-55, A (1992) , 592. ) , Z.(D£ 

mmm<D?m^mmt \,x^^titch<D 
x% m%ii>n®m\m\^mtm <o ^mmmm^mm 

[0 0 0 8] 

SUSSWtt, iBD^UBfiMfeKftfflrS*, r©«i9 

[0009] sfc, m2mm±. ±tmvi-m.m&®o 
t>K v>?zfrLxicmmctvmm^mcw.Kmfo* 

t, ^©KiM*t±fay ^^t®Hlii^$*fcKf*a 
[0 0 10] Ztblz, ^35SBji4, ilBSO^SfflKiigb 
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[0 0 1 1] 4 3891 tt, -hfEig <0 l-Mmfe® 

ft«fLT^f£$tl, Ji|S»KS«*s, ftUBKJfcHi, _hfS 

^±¥>;<mmhicfti,jhn, ±tmmmmm. _hia 
wmmcfczxmmiz-mm£nfch<Dh l/c, 

[0 0 12] ££,fc, fSsSSWB:, ilBfiO^aWig* 

jjs, y ^£^LT;£^^£J;9gI!)Wffi^£*ffi»#£■ 
fc. 

[0013] set, memrna, ±mm<o*®.mmi 

[0 0 14] 
[0 0 15] 

imm\ act, #3&w»-isfew&i2iBKLfcaso-c 
taw-*-*,, ant tsi, s^issi^stfaawis© 

x\ = iisin^j. U) 

yi — l\ cos 0! (2) 

x 2 = i sin 0i + u cos 6\ ( 3 ) 

[ft 2] 

= fjfii] COS0J (5) 

yi = -l&sind! (6) 
i; 2 = Jj?! cos 0 } + u cos 0! - u8i sin #i (7) 



1 2Sr^UT5«FSlJO(iait*3V>TAi:bT, 
T*5ip, BIT, 3tkOtv^)f-J:9SftWfm-ffi^£ 
il, *ft#W*£l lbD>9 1 2fc:.fc0flr*m 1 ©«0^ 
ffl«5t«»2(«T, Rim^v^h M^tf^ftK^ 
IILT^5. SbK^Sltt, iffei^g^i; ■? t± 
*|HT, Stffi»f*l 1 tS^Ot 

fpMWKtty 1 2^«-go5*^{ca:«jiibpr 

|g(c^itfcKim 2 »HiS* 1 3 («T, lim 2 i: 
^5)t, r©Ifm 2 t!J^ 1 2 t©Mt^1-5tf 

[0 0 16] ^LT, J:|a©J;5t«ini 1 {C#ffL. 

[0 0 17] ftfcl, J:5£Lfc»»£#l&jg;BLfcft* 
m, to Sit)] i' SB LT JfRIiniW rr-T 5 ,, 

IS 1 ic^-f «fc 5 RSm,H:, ££ofc>f»i£fi:LTS 

oa»&KJto 1 0>fii>*-C©JBi* 1 pftfflre^t 

*U Iim 2 C!) 1 2^»5^®S^uit 

^I^if ( x !, y x ) t If m 2 ©Ii^f ( x 2 , y 2 ) 
14, »^C(l)~(4)T?«4n5. 
[0 0 18] 
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«*gt-?-5tfts:(io)T?asn, mmmmFmx^ [fts] 
(i i)r**$ti5„ 

1 ■ 2 1 -2 • ? 

T = -miij9i + -m 2 (^i + u 2 + u 2 9{ + 2/<i0 L ) (9) 

V = m l gl l (l-cos9 l ) + m 2 g{l{l-cos9i) + usm9i} 

+\ku 2 (10) 

F^-cu 2 (11) 
2 

[0 0 2 0] rllW^fim^K^MPe^ [*4] 
2), (1 3)iJS»fen5. 

m^fl'i + m 2 (f 2 £ + 2uu0i + u 2 ^ + Hi) + m l5 / L sin^ 

+m 25 («costf 1 + isin^) = FIie tw ' (12) 
m 2 (i0i + u)+™2ffsin0i ~ ms^? + cu + ku = 0 (13) 

e^iffuM'MtLT, S(12),(13)OilM [it 5] 

3o 

= Phe' u (M) 

m 2 i0i + m 2 ii + cii + m 2 g9 { + ku = 0 (15) 
[0021] rti£<9, 'MiwS^ao^uii, fcsS [ft 6] 

(1 6), (1 7)X*M£tl%o 

0i = (-m 2 w 2 + /c + iwc)P/i/Z (16) 
U = {m 2 lu 2 -m 2 g)Ph/Z (IT) 

p = m 2 /mi, 7 - I/Zi, n 2 = g/h 

wj = fc/m 2 , ( = c/2m 2 n, f - (18) 

h = u/n, &A = P/[mig) i U tl =Pli/(m l g) 

[0 0 2 2] ^(ig9^SW#^2)H^P^(»«l [ft8] 

&l)©3E#tt, 35ta:(i 9)~(2 2)©i 5^SJx 

■5. 
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A + i2CB 

01 = cT72C^ st 



M = 



u = 



\u\ = 



A 2 + 4C 2 B 2 
\c 2 +4C 2 D^ si 

C + i2CD U * 



E 2 



C 2 + iC 7 D 2 



(19) 
(20) 
(21) 
(22) 



A = f — 

B = h 

C = (1 - h 2 )(} 2 - h 2 ) - M ( 7 / 2 - l){ih 2 - 1) 

D = {1 + ^7- {l + W 2 )h 2 }h 

E = -(l-7^ 2 ) 



[0023] mmm& 

W£*L< , ^of^tcf^ r t (d J; 9 ±^{c*f-T5» 
KISS l w*ii@*»ictt f opt i ftigMstb c opt *s 



_ l + / 2 (l + /i 7 2 ) 
2 + MT 2 

= 2(l + /i 7 )/ 2 -/i 
2 + ^ 7 2 

[0 0 2 4] J&LT, m&P.GKDftiStiyg^Zki. 
9, «li:*5^}c*f-t-5ft!»S«l«)SlH^rigKi 
ISJtf ^ f opt zT\ *5t(2 4)-c*-f\fc5fc* Rtbhti 



*fe£.^x5(Den Hartog, Mechanical Vibrations, (1950) 
McGraw-Hill) 0 £f\ SASrilS 5*#, BP*>5£ 

(2 o)# C fcHr3fi*afc*S fcv^ 54M*J: 0, J&K 
P,QC9fi?S)S, IP^?^(2 3)-x?WJ:5i', h p) h q 

[ft 9] 



(23) 



/opt 



x/1 + 2^7 + 



(2 6)-e*$*T,5o 



, yi + 2^7 

[«l l] 



(24) 



h2 = (1 + /ry)(2 + /i 7 2 ) - (1 - 7)vVV + 2/i 
(l+M7 2 )(2 + /i7 2 ) 
(1 + jU T )(2 + + (1 ~ 7)vW + 2^ 
(l+ J u T 2)(2 + / , 7 2) 



ft = 



i 5 KftS. 



I^lpl = K( ; 



(l"7)v^ 
[0025] jfej;:, sap, Q-e^coSti^g^tcft 

3«£JtC &&5£<2 8) i<9**5o 



= 0 



w*>. s(2 8) 5 c ^Sllsht c op ^-h 

H5„ 



(253 
(26) 

(27) 

(28) 



(A4 / + 4CW)(C 2 +4C 2 ^ 2 ) - (A 2 + 4C 2 B 2 ) 
x(C(7 + 4( 2 DD') = 0 



(29) 



CCT, / l±d/dh L, 



j4' = -2ft 

£' = 1 

C' = -2(l-t-/ 2 )h + 4/i 3 -2 Ti u(7/ 2 - 1)A 

£?' = 1 + /j 7 -3(1 + m7> 2 

[0 0 2 61 ^(29), *Sit«(2 0)J:5, ftS:(3 [»15] 
0)©i 5!-ftS„ 



Copt — ; 



i ^ - i^/^rcc^ 



2>|-SJ5' + |e l /© at ri? J CK 



(30) 



/fSQT?ffi#as*i:ft5 C = C qopt i:&ffi;HeJ|ft5 0 r 

Copt = ^(Cpopt + Cqopt) 

[0027] mmwmt 

\c&^x s f = 1, h= l tio< ^t^i»5»tS;(3 2) 



Bfci 6] 



[ftl 7] 



(31) 
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= ^(l-7) 2 



(32) 



[01p|-|^qh 



2-/x(l- 2 7 ) 



Sat 



(33) 



[0 0 2 8] iK»sC(3 3)t*5V^, mH^t-tt, iitt 
0. 1 i<9/h£Wfi£t 9, vH:45'«</hSvHB«>* 

mmi-i {i + (2/ Me )} l/2 © Bt titt{H-c?^, ^«fcs 



// e =0. 2 5dt*5o-e, *JSSb*Sr±»f5fc*^ 
(4, 45-<<±»l!:»»»ftW5©*s#*U\ ftfc, if) 
1 «r^rofi^tl& <9 #(4 5 t ( 1 = 1 x > , mm 

(14)HS(1 5)K1 *r*tfcS:«:iUttf, &S;(3 

4)-e^-t-±^©iHi(5Cii-t-5jiSi*@s; ! is#p,n5o 

[*1 9] 



■mil\d\ + migli$x — clu 4- raigu — /clu — Pl\e lu 



(34) 



[0 0 2 9] S(34) (DtEmm 1 if fflf ttlf , 2 If (± 
m^[riS«7c^-y V h, »33Sf4ilK«* 1 ©is 

iro«iaK*i4J:9iU.5 j e-^vh-e*>«. *3t 

»Scasja£-Rl-5©-e, k/m 2 = g / 1 ^sjssft 

*>, ±1B*4JSi:*6JS;iSffi«1-3. bfc^oT, 

tt-fflBte Lr ^5 r t left 9 , fto 
tjBBL, is^Bi^/^/ 1 ^. 
[0 0 3 0] Jlifil^g 

il, -flit ©SBSWRSSrffiSU l x =4 

m, mi = 1 t o n fc-f 5 0 Wk<D^3h<DWMVC& 1 %« 

^ttRSSl OftV^©*Jfcft-C©«HJC7cJR« I ©! 

I /© st i45 ot)S5 0 ili^LT, *«i-e^1-J;5 
»«jg«l«:i9:tt;fc#£\ I ©, I /© st i4, M e = 
0.0 2 5T*9, M e =0. 0 5T-6. 4tC&3, Lfc^o 

t , m 0 ©l£#fcfMiga:£fc:Sg*fc:SUx5 - t fls#a» 
[0031] iiaasg 

* i ©*v^£-£«tf6-e, i fcKrtfcii^ 

£rHlt(/i e =0. 0 5), *3j;O*^(/i e =0.025)T^ 
LT&3 0 ¥^«0,iT<«Kga = 0. 0 8 8 6 ©lEffiSL 
Sn\ f->-^y ^©^MMHfcO. 3#t LT, at 



j£^£[2]4~-[2]6 t*1" 0 ^tifc»©v'$^W-v'3 V(4 
T^AX?5m+* Lit !>©-?& 3c, &ib\ H 4 tttb@l£ 
3§1 £lS:H&^i§£\ @5(M e =0.05)j6(^= 
0.0 2 5)f4»KS«l SrKftfc»a-*r^U-CV^5o 

[0032] muts mi, %3%w\mzmv?m<D 
as, ^M2a fc^LTimisocueim 

^Ofcv^5)KJ:D»»"5rflKfii«fSn, 
liJ^l 2 a!ci(9K*m 1 ©«!9^M«^2 a 

BP*>, ^©»Kg«lal4, Jg«ftfcH:IEjei-5t>©-e 

Ritfcy v^2 i t, y >-^2 i tffi#^tifcKim 2 

©SM3?*l 3(«T, Ji|S^I«tKim 2 tv^)i:, 

!)y^21ty^l2a t©W^ftt5««{S«c 

[0033] ^ lt, hi t^-rse©±j-a- k mrni-w 

AmJZttttLX, ^Otiani^liBla 
»©H=&S»t*fLT, #JP«Stt (#JP^©«ft/3£ 



2 a iftM^l a©P ^ 2 KDj^M^B ^, 0 2 ,S: 
AO, O i a»&**m,m 1 ©«*£ f *'C©£3, BPtdROg 

xi = Zi sin 0i 

yi = ^cos^ 

a;2 = ^2 sin(0i ■+ ^2) — ^ sin^i 

Vl = h cosf^i + 62) — I cos 0! 

[0034] ttmxnmm&zc , ^RifMrs* 11211 

iktZ,}:, ftS;(3 9), (4 0)©± 5(-S-fr5o 

(mi/J + m 2 /2 + m 2 i 2 - 2m 2 lk)0\ + {m 2 l\ - 

(moJl - m 2 ll 2 )&i + rn 2 lle 2 + cl\9 2 + i 



ftSCO 5)~(3 8)T*$t£tlZ>o 
[12 0] 



(35) 
(36) 
(37) 
(38) 



vn 2 ll 2 )d\ 



r©S;£, j?cs:(4 i)-c*-fie*, fcitfcfcd 8)-c* 
*(l 9), (2 DfcraCb©!;:*!?, * 

SHU, #ffi«fittfe^(2 4), (3 0), (3 2)T?#*.fe 

1 = ([ 2 -l)/l u ul = g/l 2 

[0035] Hsu, mi, mzwmmzmmmwi 

it> is, gmc&vvc, yy^2i^LtS^o 1 i 

9K*S*m a Srftj*L-C^fc©^^-C, 5 >9 1 2 
b t-^«j*Rttit2 2 JitcK*H^m 2 Sr(E»g*lc 

£*vC^ftv\, £ij©*jfe#!|t LT, El8iC7p-r 

fMlm^l^f, iti(-^X.TR|lLil2 2t^SS 
m 2 «x.M5tHt, £©P3tt»2 2^y V* 1 

[00 3 6] B9, 1 0tt, SSI, S5438HK:#5«fc 
£ V ^M©fS WIS l c &fflv\fc£ 9 ^-?e«36* 2c© 

#ar5Sl5^Kov^H:, 5V^|SI-#*t#LrRH 
2 y sin a 

[0 0 3 8] H i o t^i-i 5 »c, ttiP^SD^-©^ 



[122] 



(39) 



= 0 (40) 



(41) 

^«B&i-5o r. ©»®®gg lcii, 0 9 fcs-f J: 5 
Im 2 ^ffijtf5yy^2 i ciSzK^iRjKStur, ft 

fta(0° <a<9 0° ) ( a ©W^te 0 9 Kl&^TTft 

ziz-iEb-T&tz miu-t % x o l t % © -c s> 

py^i2ctP^2ic troiic^y^sii 

[0 0 3 7] fctc, .tftLfclbKigSl c«rffi^fc«* 
9,10i^fWf lct"fe5„ R©fi£^i 2 ©# 

Gomaxm 9 ^© H^rsKiSfenftsc ( 4 2 ) £ *x 

[«2 3] 



(42) 



SC5£<4 3)~(4 6)T**£ft6 0 
[124] 
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xy = li sin 9\ 

yi = /icos^i 
X2 ] [ cos 6^ sin^i 
2/2 j [ — sin 6\ cos #1 

#P^©Mm^(l 9),(2 1)t48. 

7 = (Zg sin a 4- Z) /Z x 3 = 

[0 0 3 9] gill, 1 2f±, fl, ^5^PJ^#5#J 

ftBifgfcft»§^, SEffimM 1 1 y 1 2 dinio 

K*m 1 ©ig5^Sl«3g«B2 d («T, ±ia^«i-«Sm 
iil^J^JfMUT^So ttftSESl dtt, P^12 
d±©£Ao^&J^ic]a§wt«ltfy 2 1 dfc£ 
0£J#3*xfcK*8*m a i:, yyM2diii!)y 
* 2 1 d iroWK^fcl-stftaR* 1 4 (EHEtffeS 

»: k' ). ^8*lB(*«ff»: c 

[0040] ifc, 111 1 2{c^-f i 5 y 2 1 d 

tt, ziKTOz' *{C*fUT^ift«(-9 0^a< 
0)(aco^F-§-(±Hl 2tctJV>TTl^f tCjEi-TS)** 

timm^)i-<Dm^mm^mi-±.B^(,4 2), (4 Dm 

2S(o Ja 2 =gsina/l 2 )tftx.T, 1ES(4 2), (4 
7)^2S;©*jZ2^, (k' /(m 2 - l 2 2 ))©if«|L 

\m^mmmxnm \,tzmm^mmx^ mwzm 
[0041] 2fct, -Mt lt, h s (c*-rsei-*5(t 

l 1 =lm,m 1 =8kg,m 2 =0. 8kgT?fc!K Hfbl 

Ty = 0. 2 5 (m b =0. 0 5 6), 0. 5 (n e =0.02 
5) , l(ji.= 0)OHa!lftl^. «-^l-*5it5DJ 

ffl»ui-i5js^^0*i 3~0i 5i^-r„ anttwf 



(43) 

(44) 

kSm02 | (45) 
f + k cos 9 2 sin a j 

Aithmmm{2 4), o o),^!^) -e^bna. 

[«2 6] 



sina/^2 (47) 
Bt5#rt«S(7 = o. 5, v = o. 2 5), tMS$)*»^ 

i±, mmmi ctR«2 2 t lt 
[0042] *mmte. mm*m*mm!m\mfe-rz 

5o L*»U bflH:tf, 
[0 0 4 3] J:iLfcJ;5l:> *^(rov^Ttt, fffc 

sis, m v m nmm, mnm 9 m 

§§i^©Kaj:t/xi-(i -7) 2 (;;f, y»JjR!J>6 
l»Lfct>©)Sr*Dfcfc©fcfta. Wd^t, MS© 

[0 0 4 4] fc*J, ±|a«-HlfiWKS3V^T, »««1 
~ 1 d ©=g-^ Sr 1 ^/c^ltfctwicov^TmPJ! Lfc 

»2~2 d©itfT*lfil, EP*)xySpffiH:SE**[Rl©^ 
7^^i5fcftl^ »«^1~1 d©#*£«iSc^ 
Krtfc%©f&A/T?v>S. Mill ii2®^ g|^ 
1 d©ffit % y«milL-C, ztt^^l^ 
»©fiSiit5 1 1 d^(j-rt>iv\ 

[0 0 4 5] 
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[0B»«pi&f^] 

9 T-M«^©^f*ffi)£cD»£^t-0-efc3o 
[82] Hit^-t-asRSSSr^r-t-s^, ftilM^ 

[S3] lll^fliBWtSS- fcitfftp^ 

[84] iMMt^^v^ro^y^AAAcm- 
3fS^£*1-0-C&6„ 

[0 5] Slt^-f»iKtg*Sr^-t-5^9V^AA 
[0 6] Hllc^-ntt!aS«SrW-r53R«)9V^A 



[0 7] f&l, ^2*HJ{C«5»«^*MfflLfcig 
[0 8] »1, fg3 3&Wfc«5»«^£rjgfflLfc« 
[0 9] mi, fM3&fflfc#5»»^£»fflLfcig 

[010] 09 i^*-r*»!i©»ii3B$(Z)^ffi^^-r0 

[011] Hi, H55SMt#5Ki!giffi*«riifflL-fc 

[0i2] 011 tr^i-»®«^Kfc 2 ^^-f- 
5 y ^^<o«jsMWHSr^i-|g-e, 0 i l kssvta^iri 

[013] 08 ^^-rs)isig^^*-r5^»«M^ 
v^Tffofcn^*r\ w»mi^-r5^^-t-0 

[014] 08 K^-tmmm^ttii-fzmtDmmz® 

•cabs. 

[015] 08 ti^-f ftKSS&W-f 336©«§!«:fl§ 

l.la.lb.lc.ld 1KB. 

2, 2 a, 2 b, 2 c, 2 d gf9T"S«» 
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